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Abstract by two identical solenoids which, under nominal operation,
|g.re used to correct for the space-charge-induced cordelate

Fermilab is currently constructing a superconducting Remittance growth. The solenoids configuration can also

(SRF) test linear accelerator at the New Muon Lab (NML)be used to control the magnetic field on the photocathode

Bes_ldes testing S.RF accelerating modules for I.LC angurface to generate angular-momentum-dominated beams.
Project-X, NML will also eventually support a variety of

d . Downstream of the rf gun, two superconducting TESLA
advanced accelerator R&D experiments. The NMI.‘ Nzavities accelerate the beam to 40 MeV approximately. The

lectron bunch ‘th variabl t The phot 'Yownstream beamline includes generic focusing elements,
electron bunches with variable parameters. € PNOMOIRk o umentations along with a round-to-flat beam trans-

Jector is based on th? 1+1/2 _c_eII DESY—type gun followe ormer composed of three skew quadrupoles, a magnetic
%titzvgusnucphe::%?gd:gg:ﬂ Cj“:gfr?d tl(t) ?Ilsz'g;mifasnifg?n%lrmch compressor and a dispersionless translating dogleg

P ! YOTME direct the beam to an off-axis diagnotics/experimental
and_ a low-energy expepmentall area for bea“_” physics €4tea. The beam is then injected into a string of ILC mod-
perlmentsl and beam dlagnosycs R&D' In this paper, Wiles and accelerated to its final energy (eventually up to
explore, via beam dynamics simulations, the performance

~ ?
of the photoinjector for different operating scenarios. 800 Mev) [7]

flat beam .
INTRODUCTION RF-GUN  CAV39, . m ILC accelerating

A linear electron accelerator is under construction in the
N_ew Muon Lab building at Fermilab. The prime purpose of J1£2 c.lIv1 cTsz
this accelerator is to operate, study and develop the sup¢
conducting cavities and asociated systems foreseen to be
used in the International Linear Collider (ILC)][and for
the relativistic section of Project-X[. For such a purpose, Figure 1: Overview of the low-energy injector. The leg-
the electron beam current needs to mimic the ILC specifends are: "L1” "L2” solenoidal magnetic lenses, "CAV1”
cations, i.e. consist of 3000 3.2-nC bunches repeated "&AV2” superconducting TESLA cavities, "CAV39” third
3 MHz arranged as a 1-ms-duration macro-pulse with 5 Hzarmonic { = 3.9 GHz) superconducting cavity, "BC”
frequency. The ability to generate low transverse emiganaenagnetic bunch compressor chicane, "DL” dogleg. The
and longitudinally compressed beam might open possibifreen rectangles indicate the locations of quadrupoles.
ities for the ILC R&D program as well as the conducting
and extending the advanced accelerator physics program

which Fermilab has been pursuing at the AO photoinjec- BEAM GENERATION AND

tor [?].
The photoinjector layout mimics the design philosophy ACCELERATION

of the FLASH injector of DESY 7]; see Fig.??. The The photoinjector generates a high-charge beam and
electron source includes a 1.3 GHz RF gun with a coaxaccelerates it tev 40 MeV. In this process the operat-
ial RF input coupler P]. A high-quantum-efficiency ce- ing parameters are tuned to minimize the transverse emit-
sium telluride (CsTe) photocathode located on the backance. To have a low transverse emittance, the charge
plate of the RF gun is illuminated by a uv photocathdensity can be reduced by using a long drive-laser pulse.
ode drive laser thereby photoemitting high charge (sevFhe longitudinal emittance is increased during accelera-
eral nC) bunches. For a conservative peak electric fielgbn, due to quadratic correlations imparted to the longi-
of 40 MV/m, the beam’s mean energy is approximatelyudinal phase space by the 1.3-GHz rf-wave curvature. To
5 MeV downstream of the gun. The gun is surroundetkduce the longitudinal emittance, a 3rd order accelegatin
po—— » by the Fermi R Al | b cavity (CAV39) is used on the decelerating phase to remove
ot S Sl e s lare oG e ongitucinal phase space cuvat: [{ AV2isoper-

P.P. was partially supported by the US Department of EnengieuiCon-  &ted off-_cres_t, and CAV39 properly tuned, alinear chirp in
tract No. DE-FG02-08ER41532 with Northern lllinois Unigiy. the longitudinal phase space can be imparted to the bunch




which can then be compressed in the downstream magne
bunch compressor chicane. 10°

- 25
The initial conditions for the electron beam generatior § _, E

are determined by the photocathode drive laser paramete ¢ ; o

For the present calculations, the uv laser is taken to be = 10 15

Gaussian pulse with rms duratiep = 3 ps [?]. The small

bandwidth supported by the laser system seeded by a Y 0 Q (ﬂc) 4 10” 10_5 (nc)lo" 10°
doped fiber laser oscillatot\\ ~ 1 A) prevents sophisti-
cated pulse shaping beyond pulse stacking. Four or eight

3-ps Gaussian pulses may be easily stacked to producggyre 3: Longitudinal emittance (left) downstream as a
quasi-uniform laser pulse thereby lowering the charge defiinction of charge for the three laser pulse shapes down-
sity. The operation with 1, 4 and 8 laser pulses is considsream of CAV2 (solid) and CAV39 (dashed line) and cor-

ereq in the present paper. The_ initial normalized Fherm%sponding bunch length (right). The color coding follows
emittance of the electron beam is related to the residual 'ﬁg. 2 (right).

netic energy at emission and the rms beamsizen the
photocathode via? ¢! = o[2F}i,/(3mc?)]*/? which
givese! /o ~ 0.85 um.mn7! for Ey;, = 0.55 eV. This

[N

- ~ 100
thermal emittance is included in the simulations presenter < <
The performance of the injector was explored for a vari: & %° m g S0 /.‘—\
ety of charges ranging from 20 pC to 3.2 nC with the thre¢ 3 ¢ 3
aforementioned laser shapes; see rfright). When sev- 10 2 (r?m) - -0 2 (r%m) 10
eral laser pulses are stacked together, the spacing betwe 20 20 /
adjacent pulses needs to be chosen to minimize intensi g 10 3 10
modulations in the plateau region. Such temporal module u
tiqns would gventually transform into energy modulations 9% o 0 9o 0 10
(via modulation of the longitudinal space charge forces z (mm) z (mm)
which in turn could resultin amplified density modulations = %1 =
downstream of a magnetic bunch compressor therebylea 2 5| | 2,
. . . . o o2
ing to a klystron-like instability P]. = &
—010 0 10 —010 0 10
10 8000 z (mm) z (mm)
[9]

- S 6000

(S 1 o) . ) .
S < 4000 Figure 4: Current (top row), slice rms energy spread (mid-
& o1 %2000 dle row) and slice horizontal (blue) and vertical (green)

2 emittance (bottom row) fo€) = 20 pC (left column) and
0T 51 1 10 -0 20 0 20 3.2 nC (right column). For these calculations the beam was
Q (nC) time (ps) divided in 100 longitudinal slices. The head of the bunch

corresponds te > 0.

Figure 2: Optimized transverse emittances downstream of

CAV39 (left) as a function of charge for the three pulse

shapes (shown as different traces with color coding corrgector to produce very bright electron beams suitable, e.g.

sponding to the shape shown in the right plot). to drive an XFEL oscillator?]. The corresponding longi-
tudinal emittances and bunch length are shown in Fig.

A beam dynamics model of the injector was imple-The 3rd harmonic accelerating cavity that will eventually
mented INASTRA [?] and a multi-objective genetic opti- be installed downstream of the CAV2 cavity was not in-
mizer was used to optimize the transverse emittance dowduded in the present simulations but its impact on the lon-
stream of CAV39 P, ?]. To expedite the optimization pro- gitudinal emittance [shown as dashed line in g} was
CessASTRA was run with 2000 macroparticles only, whileestimated by removing the second order curvature on the
200k macroparticles were used to generate the data ptengitudinal phase spaces. Finally the slice parameters of
sented in this paper. The transverse emittance for the fitleese two cases of charge are shown in P®.The small
considered charges and the three laser shapes are shalice energy spread supports the possible compression of
in Fig. ??. For@Q = 3.2 nC the smallest achieved trans-the beam to sub-ps (possibly down to 10’s fs) duration us-
verse emittance is; = 3.76 um while in the low charge ing a two-stage compression scheme. This would provide
operation Q = 20 pC) an unprecedented low emittanceelectron beams with performances comparable to state-of-
value ofe; = 91.3 nm has been reached in our simulathe-art accelerators used to drive short wavelength FEL, or
tions. This latter number could support the use of this insupport advanced accelerator concept research.



TRANSPORT TO LINAC

Downstream of CAV39, the transport line includes ¢
suite of diagnostics (including emittance and longitudi
nal phase space measurement), a round-to-flat beam tra
former [?] and a magnetic chicane for bunch compres

sion. The chicane dipoles have a nominal bending a1 § 2°% § 2000
gle of (+, —, —, +)18° leading to a longitudinal dispersion ?2; 1000 ‘ % 1000
Rss ~ —0.19 m. The correlation is imparted by CAV2 2 o) - ’ 18 0
- - -2 -1 0 1

running off-crest. CAV1 is always run on crest for max-
imum energy gain. The larg&ss provided by the chi- .
cane was driven by the need to be able to fully compre:
the electron bunch at 3.2 nC while maintaining a tolerabl 0 -
fractional momentum spread as required for tests related VBZ ng
the ILC program. In a later stage this compressor is fore-

seen to be part of a two stage compression scheme (thggure 6: Longitudinal phase and associated projection

second compressor would be located downstream of thregwnstream of a compressed 3.2-nC bunch taking into ac-
ILC cryomodules) and would therefore provide minor comeount space charge effects only (left) and space charge and
pression. The beamline is simulated WitfPACT-z [?] by  CSR effects (right).

tracking the output phase space obtained wi#lTRA. An

example of beam sizes evolution throughout the injector

transport line is shown in Fig? for @ = 3.2 nC. SUMMARY
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We have demonstrated via numerical simulations that
the photoinjector currently under construction at the NML

facility will provide bright electron beams capable of
€4 supporting forefront beam physics research along with
% experiments dedicated to test novel acceleration or light
S source concepts. Further numerical simulations including
3 wakefield effects and a self-consistent model of CSR are
E ‘ —_ ‘ on-going. In addition the photoinjector will also be able to

o

10 12 14 16 18 20 22 provide beams with partitioned transverse emittance, this
distance from photocathode (m) mode of operation is yet to be investigated.

Figure 5: Evolution of the horizontal (blue), vertical Itisa pleggure to agknowledge Dr. J. Qiang from Berke-
ley for providing us with a copy ofMPACT-Z.

(green) and longitudinal (red) rms sizes along the injector
transport line. The bunch compressor extends from2
to ~ 15 m in this plot and the first ILC cryomodule starts REFERENCES
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